Longitudinal time-based emergency department (ED) performance measures were quantified 12 months before and 12 months after (March 2012-February 2014 implementation of a Meditech 6.0 ® electronic health record (EHR) at a single urban academic ED. Data assessed were length of stay from door to door, door to admission, door to bed, bed to provider, provider to disposition, and disposition to admission, as well as number of patients leaving against medical advice and number of patients leaving without being seen. Analysis of variance was used to compare levels before and after EHR implementation for each variable, with adjustments made for the number of admissions, transfers, and month. No difference was seen in monthly volume, admissions, or transfers. Implementation of an EHR resulted in a sustained increase in ED time metrics for mean length of stay and times from door to door, door to admission, door to bed, and provider to disposition. Decreased ED time metrics were seen in bed-to-provider and disposition-to-admit times. The number of patients who left against medical advice increased after implementation, but the number of patients who left without being seen was not significantly different. Thus, EHR implementation was associated with an increase in time with most performance metrics. Although general times trended back to near preimplementation baselines, most ED time metrics remained elevated beyond the study length of 12 months. Understanding the impact of EHR system implementation on the overall performance of an ED can help departments prepare for potential adverse effects of such systems on overall efficiency.
A n increasing number of hospitals and health care centers are adopting electronic health record (EHR) systems with the goal of improving health care quality while potentially decreasing costs (1) . However, there are concerns regarding how effi ciency and physician productivity are aff ected secondary to EHR implementation. Unlike ambulatory and inpatient settings, where patient volume can be adjusted to help with this transition, EDs are unable to alter volume and must maximize effi ciency during this process. Currently, limited data exist in the ED literature showing the eff ects on productivity and the length of those eff ects, and research has shown that errors and unanticipated problems will arise from implementation (2) . In addition, while computer physician order entry (CPOE) can provide many benefi ts when orders need to be placed and processed quickly (3) , its implementation has unanticipated adverse eff ects, such as workfl ow issues, diffi culties in the transition away from paper records, increased system demands, overdependence on technology, and loss of professional autonomy (4) , which may aff ect overall department effi ciency, resulting in ED crowding (5-7) and patient elopement (8) . Several crowding measures have been endorsed by the National Quality Forum and Joint Commission, such as ED length of stay (LOS), waiting times, disposition to admission times, and rates of patients leaving without being seen (9, 10) , and soon hospitals will report ED crowding measures to the Centers for Medicare and Medicaid Services to receive full Medicare payment (11) . To date, little to no data exist showing results for an extended period of time surrounding the implementation of an EHR system. Th e objectives of this study were 1) to describe the eff ects of EHR implementation on various ED-specifi c metrics over the course of 12 months and 2) to compare those metrics to the 12 months prior to EHR implementation.
METHODS
Th is retrospective analysis of ED metrics was performed at a single urban, university-affi liated, public, 25-bed ED in Tulsa, Oklahoma, with an emergency medicine residency program and an annual ED census of roughly 46,000. Th e ED was staff ed with board-certifi ed emergency physicians, emergency medicine residents, and other rotating residents from various services (i.e., internal medicine, family medicine, surgery, etc.).
Prior to implementation, the ED utilized paper documentation sheets, dictation, and written physician order entry via a clerical tech. Meditech 6.0 ® was implemented in the ED in a stepwise manner on March 1, 2013, with implementation completed on May 7, 2013 . Th e fi rst step involved implementation for registration, medical records review, laboratory, radiograph results, and electronic ED tracker board. Physician
Pre and post hoc analysis of electronic health record implementation on emergency department metrics Kyle J. Rupp, DO, MBA, Nathan J. Ham, DO, Dennis E. Blankenship, DO, Mark E. Payton, PhD, and Kelly A. Murray, PharmD the three covariates. Th e time metrics were grouped into pre-and postimplementation. Means and standard errors of the two major groups for each dependent variable were obtained for the 12 months before and the 12 months after EHR implementation. P values were obtained by comparing pre vs. post and adjusting for number of admits, transfers, and month. Any P value <0.05 was considered statistically signifi cant.
RESULTS
A total of 100,198 ED visits were reviewed and included in this analysis, including 701,323 unique ED metric data points. Of these metric data points, 378,560, or 54%, were from after EHR implementation. During the course of the study, 13,174 patients were admitted, with the remaining number of patients either being discharged from the ED, transferred to another facility, leaving against medical advice, or leaving without being seen. Th e average monthly volume did not signifi cantly change after implementation (P = 0.11) (Figure) . Similarly, the monthly admission and transfer rates were also not signifi cantly diff erent from pre-to postimplementation, each with a P value of 0.06 (Table) .
Th e mean LOS increased from 92.4 to 95.4 minutes (P = 0.01), with a change that persisted for more than 12 months after implementation. Th is trend persisted through many of the service intervals. Th e mean door-to-door time for total throughput time of ambulatory patients remained prolonged by increasing from 76.8 minutes to 81.6 minutes (P = 0.01). Th e mean door-to-bed time showed a statistically signifi cant increase orders continued on paper until May 7, 2013, when CPOE was implemented. A simultaneous project was implemented on March 3, 2013, as a bedding initiative in an eff ort to reduce the door-to-admission time for newly admitted patients. Resident physicians utilized paper documentation with hand-off to supervising attending physicians. Board-certifi ed emergency medicine attending physicians utilized dictation for formal, electronic patient encounter documentation.
ED metrics were analyzed during the timeframe of March 1, 2012, to February 28, 2014, with the break in pre-and postimplementation occurring on March 1, 2013. Th is information was compiled on a data information sheet for each 24-hour day. Individual data points were collected through standardized reporting from the ED operations committee. Th e ED metrics were collected for each day and grouped as dependent variables; they included LOS for admitted patients and nonadmitted patients, door-to-door time for discharged patients, door-to-admission time, door-to-bed time, bed-to-provider time, provider-to-disposition time, and disposition-to-admit time. In addition to the service time metrics above, the data for total ED visits, admission rates, and transfer rates were collected. Outcome measures for patient fl ow that may correlate with prolonged ED service times were also measured and included leaving against medical advice and leaving without being seen. Each of these grouped dependent variables was used in analysis of variance and compared to the ED metric timeframes before and after EHR implementation for each metric. Th e three covariates used to adjust for month-to-month variation and patient acuity diff erences within the groups were month, admission rate, and transfer rate.
Excel was used to calculate time metrics. Considering that the data set contained errors, patient data were only excluded if the data resulted in the integer of "0." When standard errors and means were calculated with and without these data points, there was no signifi cant diff erence. To determine standard error between the two groups, the dependent variable time stamps were determined for each patient encounter. Th ese were averaged each day, then for the month, and then adjusted as above for each of completing a history, physical, and perhaps early electrocardiogram or I-Stat evaluation prior to initiating the mouse click in the computer, which registers the bed-to-provider time. Th ese elements are likely the cause for the diff erences in service time and may have resulted in an artifi cially lowered time metric. Th e inconsistencies in documenting bed-to-provider time portend unreliable data analysis. More research is needed on this metric to make a more defi nitive conclusion regarding EHR's eff ect on it. Th e negative impact from EHR implementation was seen in most of the metrics when comparing year-to-year data. With signifi cant and trended increases in LOS, as well as door-todoor, door-to-admission, door-to-bed, and provider-to-disposition times, implementation of EHR had a primarily negative impact on the ED throughput metrics and service times over a 12-month period. Similarly to the study of Ward et al (5), ED physicians described themselves wading through patient encounters with cumbersome, disjointed movements. Once user and operations knowledge improved, this began to ease.
Many EHR implementations are all or nothing-i.e., they are all-encompassing and include medical records/chart reviewing, CPOE, documentation, and disposition paperwork (discharge instructions and prescriptions). At the study institution, a staged approach was employed. Th e EHR hospital system went live on March 1, 2013. Th e CPOE implementation was delayed for the ED until May 7, 2013 . Th e hospital-wide CPOE went live on April 14, 2014. Th is was also a time when admission rates increased. Furthermore, the ED's documentation method had little to no change between paper documentation of a chart to dictation pre-and postimplementation. In many EHR implementations, a change in the documentation process also occurs. Th is may include documentation using point-and-click, computer dictation, or direct provider entry into the EHR. Because the department maintained dictation for the entire study period, the confounders of learning this new system and comfort with the new system of dictation were absent, also limiting generalizability.
Th is study was conducted at a single academic urban ED with an average ED discharge time well below the national average (12) . Also, this study did not analyze many aspects of a complex emergency care system such as patient safety, quality, user satisfaction, patient satisfaction, and diff erences in system selection. A baseline period of 12 months and comparison period of 12 months were selected to attempt to incorporate the full impact over a 1-year reporting period. Patient volume dropped 3% over the 12 months prior, admission rates dropped 7%, and transfers dropped 29%. It is uncertain what eff ect this change in volume had on the overall ED metrics. Had volume and acuity level not dropped after EHR implementation, the increase in time metrics could have been even more signifi cant due to ED crowding.
Other confounders included the disposition-to-admit departmental initiative as well as the method of time documentation pre-and post-EHR implementation. Times prior to EHR implementation were based on handwritten times on paper documentation sheets, whereas times in the EHR were obtained April 2017 from 10.8 to 13.8 minutes. Th e mean provider-to-disposition time increased from 48.0 to 49.8 minutes (P = 0.01). Door-toadmission time was not signifi cantly diff erent between pre-and postimplementation (Table) .
Even though many of the service intervals were prolonged, there were improvements after implementation for two separate timeframes. Th e fi rst of these was for bed-to-provider time. Th is service interval was shortened by nearly 1.5 minutes, from 4.2 minutes to 3 minutes (P < 0.01). Th e second service interval that improved in average time was the disposition-to-admit, which improved from 85.8 to 78.6 minutes, a mean diff erence of 7.2 minutes. It should be noted, however, that the P value of 0.8 implied that this was not a statistically signifi cant difference (Table) .
Th e two clinical outcome measures of leaving without being seen and leaving against medical advice had surprisingly diff erent signifi cance between the two groups. Th e number leaving against medical advice nearly doubled from 6.3 (SE 0.85) patients per month to 11.6 (SE 1.17) per month (P < 0.01), yet the number leaving without being seen remained similar at 19.5 patients per month before implementation and 15.5 patients per month after implementation (P = 0.24) (Table) .
DISCUSSION
Many facilities struggle to manage the same volume and acuity of patients in the same timely manner as they had prior to EHR implementation. Th is study has added an additional purview of similar results, with the addition of a longer data collection timeframe. Overall, patient visit metrics appeared to be mostly negatively impacted during the EHR implementation. LOS and door-to-door, door-to-bed, and provider-to-disposition times were all found to be longer after implementation, yet improvements in bed-to-provider and disposition-to-admit times after EHR implementation were surprising.
Th e fi rst service time noted to have a trend toward improvement was disposition to admit. Soon after EHR implementation, this metric was noted to be a large component of the overall LOS. Th e ED had challenges with moving patients who have a disposition for admission to an inpatient hospital bed in a timely manner. A departmental goal was implemented in March 2013 to decrease disposition-to-admit times to a target of <45 minutes once disposition for admission was determined by the provider. Th is eff ort to improve performance likely resulted in a shortened disposition-to-admit time. Th erefore, it remains unclear what eff ect EHR had in improving this metric.
Th e second improved timeframe was bed to provider, which decreased by nearly 1.5 minutes. It is likely, however, that this fi nding was a result of a change in procedure. Prior to EHR implementation, bed-to-provider service times were taken from providers' documentation of their start time on a paper documentation sheet in the room with the paper medical chart. However, once EHR was implemented, the bed-to-provider time was initiated when the provider signed up for the patient on the computer screen. Additionally, it has been observed that providers frequently initiate patient encounters prior to their registration in the computer. Th is could result in the provider from a mouse click in the system. Th ere is a certain amount of unknown variability between the two diff erent methods of collection for the ED time metrics. More studies on these metrics are needed for full understanding of the impact of implementation.
Overall, the study hypothesis was confi rmed that an EHR system would have a negative impact on ED metrics at a single institution using a stepwise approach to EHR implementation. Further study is required to fi nd other impacts of mandated EHR implementation and what potential improvements can be made.
